The objectives of this study were to estimate genotype × environment (GE) interaction eff ects and to determine the stable durum wheat (Triticum turgidum var. durum Desf.) genotypes for grain yield in warm winter areas of Iran. Twenty durum wheat genotypes, including 18 experimental lines and two local checks were evaluated during three cropping seasons (2004)(2005)(2006) at fi ve research sites. The combined analysis of variance indicated that the main eff ects of location and genotype and interaction eff ects of genotype × year, genotype × location and genotype × year × location were highly signifi cant for grain yield. GE interaction was analyzed using linear regression techniques. There was considerable variation for grain yield among both genotypes and environments. Stability was estimated using the Eberhart and Russell method. Stability analysis of grain yield in diff erent environments showed that the variance of genotypes and genotypes × environment (linear) interactions were signifi cant. Due to the stability analysis, genotype 12 (D68-1-93A-1A//Ruff /Fg/3/ Mtl-5/4/Lahn) indicated relatively minimum value for S 2 d and a b-value close to unity and hence, it may be considered stable for grain yield in all of the environments. The results showed that G10 (Bcr// Memo/goo) also favor for its stability in high yielding environments. The broad sense heritability was 77%, indicating selection should give a good response for grain yield.
INTRODUCTION
Durum wheat (Triticum turgidum L. subsp. durum Desf) is an important food crop. This kind of wheat is suitable for production of pasta and spaghetti due to some of its characteristics such as heavy gluten, non-sticky and heavy dough . Developing crop cultivars with high grain yield has been the principal aim of durum wheat breeding programs worldwide.
The genotype × environment interactions have been studied in diff erent methods such as estimation of variance components, regression stability parameters (Akura et al., 2005) . Stability analysis for some of crop characters such as earliness, yield and yield components are very important from the point of stable production. Diff erent concepts and explanations of stability have been described by some of researchers (Lin et al., 1986; Becker and Léon, 1988) .
A genotype is considered to be stable if (i) its variance among the environments is small (static or a biological stability), (ii) its response to environments is parallel to the mean response of all genotypes in the experimental (dynamic or agronomic stability) or (iii) the residual mean square from the regression model on the environmental index is small (Lin et al., 1986; Becker and Léon, 1988) . According these three concepts of stability, several methods have been used to describe the responses of genotypes to environments. Parameters used to describe the fi rst type of stability are coeffi cient of variability (CVi) (Francis and Kannenburg, 1978) for each genotype and the genotypic variances across environments (S 2 i). A regression coeffi cient (bi) (Finlay and Wilkinson, 1963 ) and Shukla's (1972) stability variance ( i 2 ) used to estimate the second type stability. Third type of stability is also part of dynamic or agronomic stability (Becker and Léon, 1988) . Methods of Eberhart and Russell (1966) and Perkins and Jinks (1968) are the methods to describe the third type of stability. Lin and Binns (1988) proposed type 4 stability concepts on the basis of predictable and unpredictable nongenetic variation. The predictable component related to locations and the unpredictable component related to years. They suggested the use of regression approach for the predictable portion and the mean square for years × locations for each genotype as a measure of the unpredictable variation.
Analytical methods for examining the total behavior of a genotype across the tested environments which consider both yield and stability components simultaneously could be desirable for identifying the high yielding and stable genotypes (Hernandez et al., 1993; Kang, 1993; Bajpai and Prabhakaran, 2000) . Rasul et al. (2006) analyzed stability analysis of eighteen wheat genotypes for grain yield and revealed that only two wheat lines showed non-signifi cant deviation from regression and their regression coeffi cient values were close to unity classifi ed as stable varieties. Afzal Arain et al. (2011) was applied the regression analysis to estimate the grain yield stability parameters viz., regression coeffi cient (b) and deviation from regression coeffi cients (S ) for evaluation of fourteen Romanian winter wheat cultivars in 52 testing environments. Amin et al. (2005) evaluated grain yield stability of ten wheat genotypes under varied environments at nine locations by regression coeffi cients and deviations from regression. used linear regression and deviations from the regression model for estimation of stability of twenty durum wheat genotypes in dryland conditions and determined the stable genotypes. considered stability parameters of twenty durum wheat genotypes in fi een environments and indicated that genotype × environment interaction eff ects signifi cantly infl uenced genotypes yield. The information generated by stability studies will be helpful for breeders to develop wheat genotypes which could produce higher and stable yields over diversifi ed environments.
The current investigation was carried out evaluate the performance of durum wheat genotypes and to investigate their yield stability by several stability parameters across a range of environments over three consecutive years.
MATERIALS AND METHODS

Experimental Data
Twenty durum wheat genotypes, including 18 durum wheat lines selected from the joint project of Iran/ICARDA and two local checks (Seimareh and Koohdasht) were evaluated during three cropping seasons (2004) (2005) (2006) The statistical model was given for experimental design is: 
Statistical Procedures
Combined analysis of variance was done on grain yield that obtained from fi een environments according to the Comstock and Moll (1963) Method. Three stability parameters were applied to assess stability performance of genotypes and to identify superior genotypes; bi, the linear regression of the phenotypic values on environmental index (Finlay and Wilkinson, 1963) , S 2 d, the deviation mean square from regression (Eberhart and Russell, 1966) and coeffi cient of determination (R 2 ). All analysis was performed using the statistical package IRRISTAT 5 and PBSTAT.
RESULTS AND DISCUSSION
Partitioning sum of squares to its components revealed that year × location interactions caused 53.8% of total variation, 0.04% due to year, 21.85% due to location, 1.05% due to replication (year × location). Sum of squares for the genotype, genotype × year, genotype × location, genotype × year × location and error were low with 5.02%, 0.80%, 4.78%, 4.99% and 8.14%, respectively. This indicates the big infl uence of environmental eff ects on grain yield performance of durum wheat genotypes in fi ve considered station. The equal proportion of genotype × year and genotype × year × location variance with genotypes main eff ect is an important consequence and indicating the signifi cance of genotype × environmental interaction eff ects. The combined analysis of variance indicated that the main eff ects of location and genotype and interaction eff ects of genotype × year, genotype × location and genotype × year × location were all highly signifi cant (P < 0.01) for grain yield (Tab. III). considered stability parameters of twenty durum wheat genotypes in fi een environments and indicated that genotype × environment interaction eff ects signifi cantly infl uenced genotypes yield.
Environment mean yield for all of the genotypes ranged from 617.04 kg/ha in E15 (Moghan, 2006) to 4488.54 kg/ha in E11 (Gachsaran, 2006 Stability analysis of grain yield in diff erent environments indicated that the variance of genotypes and genotypes × environment (linear) interactions were signifi cant at 1% probability, but mean squares of deviations from the regression was not signifi cant for grain yield. It can be concluded that there was a clear linear relationship between grain yield and environmental indices (Tab. V).
The average yield across all of environments and some of stability parameters such as coeffi cient of regression (b) and deviation from regression (S 2 di) were presented in Tab. VI. The highest grain yield was obtained from genotype 10, while the lowest grain yield was obtained from genotype 5. Thirteen genotypes (G1, G2, G3, G9, G10, G11, G12, G13, G14, G16, G17, G18 and G20) provided yields above the average yield. Pompiliu et al. (2009) , Akura et al. (2005) and Amin et al. (2005) and Mohammadi et al. (2013) also found signifi cant diff erences in grain yield of diff erent wheat genotypes in response to diff erent environmental conditions. Based on Eberhart and Russel (1966) a stable cultivar had a regression coeffi cient equal or near the unity and low or near the zero deviation from regression mean square. The coeffi cient of regression (b) values for twenty genotypes used in this study ranged from 0.81 (G6) to 1.19 (G9) (Tab. VI). Regression values of unity are interpreted as average stability. The variations in b values proposed that the response of 20 genotypes is diff ered to the various environments. Variability among environments is a prominent factor and mostly determines the usefulness of b values . There was no genotype with b-values equal to unity, while the regression coeffi cient values for some of genotypes including G2, G3, G5, G7, G11, G12 and G16 were close to 1. Genotype 9 had the highest (1.19) regression coeffi cient, followed by G10 (1.16). The yields of these genotypes were higher than the other genotypes and signifi cantly infl uenced by varying environmental conditions and yield of these genotypes increased when the environmental conditions were suitable and reduced to below average when the conditions were unsuitable.
Genotype 4, G6, G8 and G12 had b-values lower than unity (Tab. VI).
The regression analysis as one of the important parameter which has been frequently employed by plant breeders for stability analysis, showed that there were wide ranges of deviations in genotypes. Deviation from regression for any of the genotypes were not equal to zero (S²d = 0) and the range of this stability parameter varied from 38252 (G18) to 401914.2 (G5) (Tab. VI). The estimate of deviations from regressions suggests the degree of reliance that should be put to linear regression in interpretation of the data. If these values are signifi cantly deviating from zero, the expected phenotype cannot be predicted signifi cant. When deviations are not signifi cant, the conclusion may be drawn by the joint consideration of mean yield and regression values (Finlay and Wilkinson, 1963 and Eberhart and Russell, 1966) given. Coeffi cient of regression for G3 (Tantlo//Crex/Alla/3/ Tantlo), by having a grain yield of 3371.53 kg/ha, is equal to unity (bi = 0.99) and also its deviation from regression is as small as possible (S 2 di = 76286.22), therefore in studied areas it can be recommended for cultivation (Tab. VI). The other stable genotype for recommendation is G12 which its coeffi cient of regression is near the unity and deviation from regression is lower than the other genotypes (Tab. VI).
Genotype 10, which provided the highest grain yield (3810), had the high b (1.16) and S²d (136982.97) values. Therefore, it is a genotype with below average stability and specifi cally adapted to favorable environments. Among the genotypes with regression coeffi cient values near to zero (G2, G3, G5, G7, G11, G12 and G16), regression coeffi cient value of G3, G5, G7 and G16 was near 1, but their mean yield was below the average grain yield (3359). The average value of grain yield of G2, G11 and G12 were higher than the average grain yield. The deviation from regression for G5 and G7 is high, whereas this parameter is low for G3 and G12. Hence, G12 appeared as a stable genotype based on the estimates of these two stability parameters, and well adapted to the all of environments (Tab. VI). Eberhart and Russell (1966) , an ideal genotype would have both a high average performance over a wide range of environments and stability. Therefore, the genotypes including G3 and G12 are as stable cultivars.
III: Analysis of variance (ANOVA) for grain yield of 20 durum wheat genotypes in 15 environments in Iran
Coeffi cient of determination ranged from 0.01 to 28.39% (Tab. VI). The coeffi cient of determination of some durum wheat genotypes was very small. This was possibly due to evaluating in quite diff erent locations. Genotypes 9 and 10 were the most stable for grain yield, because their high coeffi cient of determination conform their stability.
Heritability of a trait is important for plant breeders, because it refl ects its response to selection. The broad sense heritability (phenotypic variance due to genetic variability) was 77% (Tab. VII), indicating genotype plays a signifi cant role in the expression of the phenotype and selection should give a good response.
The important purpose for breeders is to fi nd genotypes with good and stable not only for end users, but also to provide parents in the future breeding programs. The results of this study indicated that grain yield was signifi cantly infl uenced by changes in environmental conditions because there were signifi cant variations in grain yields of the genotypes were tested in response to the environment. None of the genotypes evaluated was perfectly stable in all of the environments due to lack of b value equal to unity. However, G12 (D68-1-93A-1A//Ruff /Fg/3/Mtl-5/4/Lahn) indicated relatively minimum value for Sd 2 and a b-value close to unity and hence, it may be considered stable genotype for this character in all of the environments. The above stability parameters also favor G10 (Bcr//Memo/goo) for its stability in high yielding environments. The coeffi cient of determination of this wheat genotype were also confi rmed their stability.
SUMMARY
Durum wheat (Triticum turgidum L. subsp. durum Desf) is an important food crop. Stability analysis for some of crop characters such as earliness, yield and yield components are very important from the point of stable production. The current investigation was carried out evaluate the performance of durum wheat genotypes and to investigate their yield stability by several stability parameters across a range of environments over three consecutive years. Twenty durum wheat genotypes, including 18 durum wheat lines selected from the joint project of Iran/ICARDA and two local checks (Seimareh and Koohdasht) were evaluated during three cropping seasons (2004) (2005) (2006) at fi ve research sites, representative of major durum wheat dryland areas of Iran. Three stability parameters were applied to assess stability performance of genotypes and to identify superior genotypes; bi, the linear regression of the phenotypic values on environmental index, S 2 d, the deviation mean square from regression and coeffi cient of determination. Partitioning sum of squares to its components revealed that year × location interactions caused 53.8% of total variation, 0.04% due to year, 21.85% due to location, 1.05% due to replication (year × location). The results indicate the big infl uence of environmental eff ects on grain yield performance of durum wheat genotypes in fi ve considered station. Environment mean yield for all of the genotypes ranged from 617.04 kg/ha in E15 (Moghan, 2006) to 4488.54 kg/ha in E11 (Gachsaran, 2006) . Coeffi cient of regression for G3 (Tantlo//Crex/Alla/3/ Tantlo), by having a grain yield of 3371.53 kg/ha, is equal to unity (bi = 0.99) and also its deviation from regression is as small as possible (S 2 di = 76286.22), therefore in studied areas it can be recommended for cultivation (Table VI) . The other stable genotype for recommendation is G12 which its coeffi cient of regression is near the unity and deviation from regression is lower than the other genotypes. The above stability parameters also favor G10 (Bcr//Memo/goo) for its stability in high yielding environments. The coeffi cient of determination of this wheat genotype were also confi rmed their stability.
